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Compressor with Variable Pressure and Flow Control 



Over the past few years hybrid engines have been proposed that were a combination 
of electric motor and a relatively small engine running at near maximum power 
whenever .it was used. More recently there has been a move to a higher voltage 
electrical system, this permits engines to stop when the vehicle stops and then for the 
vehicle to initially move off using the electric motor. 

In the present invention it is proposed to use a combination of two or more 
superchargers, internal combustion engine and exhaust turbine; The exhaust turbine 
may drive a compressor or electrical generator or both. The enabling technology to 
permit efficient use of this combination of components is the use of a supercharger of 
the type and incorporating a combination of compatible features described in* 
application PCT/GBO1/03089 and 0200991.8 and 02116O3.6 and the features 
described in the present invention. This type of supercharger allows the internal 
combustion engine's airflow to be controlled. It takes a full charge of air each 
revolution and evacuates air not required by pushing it out through the side disc 
metering orifice or orifices and allows the remainder to be discharged to the engine. 
In this manner the supercharger can supply air from ambient pressure to maximum 
supercharge pressure. This type of supercharger has compression efficiency . 
comparable with the efficiency of the compression witHin an engine and an ability to 
accurately control airflow. This combination of components eliminates the need for 
expensive GDI, active combustion and WT systems and with the exception of the 
supercharger needs only conventional components and fuel systems although using 
GDI or active combustion will increase the range of power. Adding a heat exchanger 
to the combination enables an engine of about 500 cc capacity to replace a 1.6-litre 
engine but with a considerably reduced weight and fuel consumption. 
With the swept volume of the internal combustion engine known, a supercharger of 
this type can be designed for a particular supercharger maximum pressure and with 
the inlet control the supercharger output pressure can be varied from ambient to 
maximum pressure. Under these conditions the supercharger's outlet orifice or 
orifices position and size are constant and no variation is necessary. 
Control of air mass flow per revolution is simply achieved by exposing more or less 
orifice area. Having apertures in the rotor disc, casing and an outer ring most easily 
does this. By sliding the outer ring over the interposed casing, more or less casing 
apertures are exposed, when the rotor disc apertures are adjacent the exposed casing 
apertures air can pass through if the position of the slide allows it. By this method 
pressure and mass flow can be controlled. 

With the impending widespread introduction of higher voltage electrical systems in 
vehicles, auxiliary equipment will increasingly be driven by electric motors rather 
than directly by the internal combustion engine. Using an electric motor and varying 
the machine speed relative to the engine speed could additionally control the airflow 
in the present invention. 

In application 0200991.8 the air outlet to the engine from the supercharger was 
through holes or slots as they became exposed to openings in the casing. With the 
development of gasoline direct injection (GDI), active combustion, electric drive, 
regenerative braking and the supercharger described in PC PCT/GB01/03089 and 
0200991.8, internal combustion engines can be further reduced in size without 
reducing vehicle performance. With this combination an engine of 1 .6 litre can be 



1 



, ambient pressure. If there were two superchargers providing air to one engine and 
they were controlled to provide ambient delivered pressure to the engine, the engine 
would then have a cylinder and inlet manifold at ambient pressure. If flow from one 
of the superchargers was prevented from entering the engine the volume of airflow 
would be halved and the cylinder and inlet manifold pressure reduced to about 38kPa. 
The superchargers could be driven independently of the engine and of each other or 
directly from the engine, if the one supplying air to the engine was independently . 
driven by, say an electric motor, its speed could be reduced relative to the engine and 
thereby provide a lower delivery pressure. The supercharger not supplying air to the 
engine can be set to provide ambient pressure and continue to rotate and so circulate 
air to and from atmosphere without any meaningful pressure rise or work, or it could 
be disconnected. 

The vanes of the rolling piston superchargers in the present invention are actuated by 
a reciprocating motion. This gives rise to an out of balance force. The primary out of 
balance forces can be balanced leaving a secondary force that can be acceptably low. 
However as bigger rolling piston offsets and higher speeds are designed the secondary 
out of balance requires balancing. This can be simply achieved by adding two linked 
arms to the supercharger. A consequence of providing multiple superchargers for an 
engine is the ability to position them so the out of balance forces can oppose each 
other, thus eliminating the need for linked balance arms. However installation 
requirements may mean that two or more superchargers cannot be placed in the 
optimum position for balance, making links necessary when multiple superchargers 
are used to reduce any out of balance couple. 

The invention may be performed in various ways and some specific embodiments will 
now be described by way of example with reference to the accompanying 
diagrammatic drawings, in which: 

Fig 1 shows a diagrammatic view on top of an engine with two superchargers 
Fig 2 shows a diagrammatic view on the front of an engine with four superchargers 
Fig 3 shows another diagrammatic view on the front of an engine with two 
superchargers. 

Fig 4 shows a diagrammatic view on front of an engine with two superchargers 
Fig 5 shows a typical cross-section of a valve for controlling the direction of airflow 
from one supercharger to the engine manifold. 

Fig 6 shows a typical cross-section of a valve for controlling the direction of airflow 
from one supercharger to atmosphere. 
. Fig 7 shows a portion of ducting and a typical valve for controlling the direction of 
airflow from one supercharger to the engine manifold. 

Fig 8 shows a portion of ducting and a typical valve for controlling the direction of 
airflow from one supercharger to atmosphere. 
Fig 9 shows typical linked balancing arms. 
Fig 10 shows typical linked balancing arms. 
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The diagrammatic views of figures 1 to 4 are only illustrative of four of a number pf 
possible configurations. The positioning of the superchargers will be influenced by 
the installation requirements of the vehicle and the position and types of supercharger 
drive and the requirement for counter balance. 

FiguresS and 6 show a lypicd cross-section of a valve that can divert the auflow 
from a supercharger to either atmosphere or the engine inlet manifold. A number of 
valves known in the art can provide this function. The valves main requirements are 
to provide a flow with minimum aerodynamic and thermodynamic losses and to 
■ provide a seal against ingress or egress of air from the engine manifold and 
supercharger. The valve shown is perhaps the easiest and least costly to manufacture. 
The valve is circular and tubular and has substantial circumferential lengths tor 
sealing and is required to rotate backwards and forwards by about 130 degrees. 
The supercharger shown in figure 10 has two balance arms linked together that 
provideabalanceforany secondary out of balance forces. It is convenient both from 
a cost point of view and because of the close proximity of the plane of the secondary 
out of balance, to have one arm mounted on the axis of the connecting rod centre and 
the other arm on the axis of the vane shaft. Fig 9 shows an alternative position for 
locating one end of one of the balance arms. 
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